This is the first study on the seasonal biodiversity of black flies and evaluation of ecological factors influencing their distribution at Doi Pha Hom Pok National Park, northern Thailand. Larvae were collected from six fixed-stream sites in relation to altitude gradients from May 2011 to April 2013. The water temperature, water pH, conductivity, total dissolved solids (TDS), salt, water velocity, stream width and depth, streambed particle sizes, riparian vegetation, and canopy cover were recorded from each site. Monthly collections from the six sites yielded 5475 last-instar larvae, belonging to 29 black fly species. The most frequently found species from all sites were Simulium asakoae (100%) followed by Simulium yuphae (83.3%), and Simulium chiangdaoense, Simulium gombakense, Simulium phahompokense, Simulium fruticosum, Simulium maeaiense and Simulium fenestratum (66.6%). Of the 5475 last-instar larvae, S. maeaiense (19.3%), S. chiangdaoense (15.8%) and S. asakoae (14.8%), were the three most abundant species. The Shannon diversity index (H) at the six sites with different altitudes of 2100 m, 2000 m, 1500 m, 1400 m, 700 m, and 500 m above mean sea level, were 2.042, 1.832, 2.158, 2.123, 1.821 and 1.822, respectively. The Shannon index and number of taxa in the cold season were higher than those in the rainy and hot seasons. Principal component analysis (PCA) indicated that at least three principal components have eigen values >1.0 and accounted for 93.5% of the total variability of ecological factors among sampling sites. The Canonical correspondence analyses (CCA) showed that most species had a trend towards altitude, canopy cover, riparian vegetation and water velocity.
Introduction
Black flies belonging to the family Simuliidae of the order Diptera, are an important medical and veterinary group of small bloodsucking insects. The bites of adult females cause a wide range of problems for humans and other vertebrates (Choochote et al., * Classification of riparian vegetation, streambed particle size and canopy cover were adopted according to McCreadie et al. (2006) .
biotic factors, such as trophic relationships and food availability as well as abiotic factors (Figueiró et al., 2012) . Other environmental changes that are associated with enrichment, i.e., alteration of the flow regime and changes in streamside vegetation, can influence the distribution and abundance of black flies (Pachón and Walton, 2011) . Several studies on black fly communities associated with environmental factors have been reported from various parts of the world, though, mostly from America, Europe and Africa (McCreadie et al., 2006; Landeiro et al., 2009; Pachón and Walton, 2011; Figueiró et al., 2012; Rabha et al., 2013) . Similar studies have been carried out on the planes of northeastern Thailand (Pramual and Kuvangkadilok, 2009; Pramual and Wongpakam, 2010) . Remarkably, there is no report on the seasonal biodiversity of black flies or the evaluation of ecological factors influencing their distribution in mountainous regions of northern Thailand, despite them being very significant areas in the country. Since most new Thai black fly species (approximately 80 species) have been discovered in these areas, these diverse microhabitats are presumed to be very important in supporting the diversity of black flies. In addition, anthropophilic black-fly species are found to occur in large numbers, causing irritation to indigenous people, tourists and domestic animals (Choochote et al., 2005) . Doi Pha Hom Pok National Park contains the second highest mountain in Thailand (altitude 2285 m) and covers 524 km 2 of mountainous terrain in the Daen Lao Range on the Thai-Myanmar border. It has a wide range of mountainous peaks from 500 m to 2100 m from the foot to the summit. It also is characterized by a diverse plant community and various microhabitats, especially in both seasonal and permanent running streams, which are presumed to support species diversity and abundance of black flies. However, little is known about the environmental factors influencing the diversity and distribution pattern of black flies in this National Park.
The main aim of this study was to investigate the seasonal biodiversity of black flies associated with altitude gradients and evaluate ecological factors influencing their distribution at Doi Pha Hom Pok National Park, northern Thailand.
Materials and methods

Study area
The study sites were located in Doi Pha Hom Pok National Park, Chiang Mai Province, northern Thailand (Fig. 1) . Six fixed-stream sites (I-VI), which classified into 3 groups based on altitude, i.e., (1) high altitude (2000-2100 m), (2) medium altitude (1400-1500 m) and (3) low altitude (500-700 m), were selected and their characteristics (Table 1) Site III-Ban pu-meun stream at 1500 m alt.: This site runs in a hilly evergreen forest dominated by pine trees, with a partial canopy. Its stream has a sand bed with small rocks in parts. Larval and pupal substrates are mostly grass leaves trailing in the water and some leaf litter, and the rock surface in the stream.
Site IV-Banlek stream at 1400 m alt.: This site comprises evergreen forest with a partial canopy. Its stream has a mud and silt bed. Larval and pupal substrates are grass leaves trailing in the water and leaf litter in the stream.
Site V-Huai bon stream at 700 m alt.: This site comprises deciduous forest dominated by bamboo, with a partial canopy. Its stream has a rock bed with small stones and sand. Larval and pupal substrates are grass leaves trailing in the water and leaf litter in the stream.
Site VI-Huai ma-yom stream at 500 m alt.: This site comprises deciduous forest beside a paddy field, with an open canopy. Its stream has a sand bed with gravel. Larval and pupal substrates are grass leaves trailing in the water and leaf litter in the stream.
Sampling
Larvae and pupae were collected monthly from May 2011 to April 2013 by hand using fine forceps from available substrates in streams, such as fallen leaves, mud or rock surfaces, and trailing grasses. Larvae were preserved in 80% ethanol. The substrates were cut into pieces so that each part harbored a single pupa. Matured pupae were maintained individually in a plastic tube (10 cm long and 1.7 cm in diameter) with very little water at the bottom until adults emerged. After emergence, adult flies were kept alive in the same tube for at least 24 h, in order to secure hardening and colouring of their body and legs. Adult flies, associated with their pupal exuviae, were used to confirm the species identification of the larvae. The physical data of sampling sites are depicted in Table 1 . Forty five minutes exactly were spent at each stream site for collecting larvae and pupae and ecological factors, including water temperature, water pH, conductivity, total dissolved solids (TDS) and salt which were measured using waterproof multi-parameter testers (PCSTestr35). The water velocity was estimated by the time taken for a cork to move down a prescribed distance (Hamada and McCreadie, 1999) . Ranked measurements of the dominant streambed particle sizes (mud/silt, sand, bedrock; ranked 1-3), type of riparian vegetation (open, brush, forest; ranked 1-3), canopy cover (open, partial, complete; ranked 1-3) (Hamada et al., 2002) and width and depth of streams were recorded at each site. The climate in the northern region of Thailand is divided into three seasons, i.e., hot (March and April), rainy (May-October) and cold (November-February), according to the Thai Meteorological Department. 
Species identification
Morphological characteristics of last-instar larvae (matured), pupae and reared adults identified species by using the standard keys of Takaoka and Choochote (2004) , who identified 45 blackfly species, and using additional keys from published articles that identified black flies in Thailand (Edwards, 1934; Takaoka, 1979; Takaoka and Davies, 1995; Takaoka and Srisuka, 2010a,b,c, 2009; Takaoka and Suzuki, 1984; Takaoka et al., 2012 Takaoka et al., , 2014 .
Data analysis
The abundance and number of last-instar larva species at each site were recorded. PAST version3 (Hammer, 2013) and the SPSS statistical package (version 16.0, SPSS, Chicago, IL) were employed for statistical analyses. Determination of diversity parameters between sites and seasons were calculated using Shannon index (H), Dominance (D) and Equitability (J). The Shannon index is a diversity index, which takes into account the number of individuals as well as that of taxa. Richness was calculated as the number of observed species. Dominance (D) is the 1-Simpson index. Equitability (J) was calculated based on Shannon diversity divided by the logarithm of the number of taxa. This measured the evenness with which individuals were divided among the taxa present (Hammer, 2013; Ramos et al., 2014) . Principal components analysis (PCA) and Canonical correspondence analysis (CCA) were used to analyze the distribution of black flies and the association between species composition and ecological factors (Illéšová et al., 2010) . Frequency of black fly species occurrence in streams was calculated by the number of sites from which a species was taken, divided by the total number of sites sampled (n = 6) (Hamada et al., 2002) .
Results
Species composition
A total of 5,475 last-instar larvae belonging to 29 black-fly species were sampled from six sampling sites (Table 2 ). The species collected most frequently were Simulium asakoae (100%), followed by S. yuphae (83.3%), and S. chiangdaoense, S. gombakense, S. phahompokense, S. fruticosum, S. maeaiense and S. fenestratum (66.6%).
Additionally, S. maeaiense, S. chiangdaoense and S. asakoae were the three most abundant species, representing 19.3%, 15.8% and 14.8% of collected species, respectively. The site-dominant species were S. asakoae at Site V (n = 144) and Site VI (n = 226), S. maeaiense at Site I (n = 309), Site II (n = 270) and Site IV (n = 232), and S. chiangdaoense at Site III (n = 361) ( Table 2 ).
Diversity
The number of taxa and Shannon index (H) of black flies increased with altitude, but it declined at a maximum above 1500 m. In contrast, the value of equitability (J) and dominance (D) was opposite in relationship to the Shannon index. Both values were affected by the number of individuals and taxa in the community. Diversity value was highest at Site III, followed by Site IV, Site I, Site II and Site VI, with the lowest at Site V, which represented 2.158, 2.123, 2.042, 1.832, 1.822 and 1.821, respectively. The number of black-fly species per site (6 sites) varied from 9 to 18, with an average of 12.3 ± 1.3 (SE) ( Table 3 ).
Seasonal biodiversity
A high value (Shannon index, H) was obtained in the cold season (November-February), with a lower one in the rainy season (May-October), and the lowest value was in the hot season (March and April) at all sampling sites. In the cold season, the Shannon index was highest at Site IV, followed by Site III, Site I, Site V and Site VI, with the lowest being at Site II, which represented 2.22, 2.17, 2.05, 1.98, 1.97 and 1.82, respectively. The Shannon index in the hot season was 0 at both Site V and VI (Fig. 2) .
Seasonal species richness
The number of species was highest in the cold season in all sampling sites, except for Site III, which had the same value (15) in both the rainy and cold season (Fig. 3) .
Seasonal fluctuation
The population density in all sampling sites tended to increase, peaked during the cold season, and dropped to its lowest point in Table 2 Abundance of black fly species at six sampling sites and frequency of fly species occurrence in streams. Shannon index (H) varies from 0 for communities with only a single taxon to high values for communities with many taxa, each with few individuals. Dominance (D) ranging from 0 (all taxa are equally present) to 1 (one taxa dominates the community completely). Equitability (J) ranging from 0 to 1, with evenness being complete. the hot season. Black-fly larvae were not collected (n = 0) from Site V or VI during the hot season (March and April: 2012-2013) (Fig. 4) .
Principal components analysis (PCA)
Three principal components had eigen values >1.0 and together accounted for 93.5% of total variability of ecological factors among sampling sites (Table 4) . PC-1, which explained 67.1% of inter-site variability, was related significantly positive to water temperature, conductivity, TDS, salt, stream width and depth, and negative to altitude, riparian vegetation and canopy cover. PC-2 explained 16.2% of site variability and was related significantly positive to water temperature, and negative to altitude. PC-3 explained 10.2% of site variability, and was related significantly positive to water pH.
Canonical correspondence analysis (CCA)
The result indicated that altitude, canopy cover, riparian vegetation and water velocity were the most important ecological factors influencing species assemblage. However, species that were abundant at lower altitudes (500 m and 700 m) showed their association with water temperature, stream width and depth, salt, conductivity and TDS (Fig. 5) .
Discussion
In this study, 29 species of black fly were found from six stream sites that were surveyed monthly. Three endemic species of black flies were reported from this park, i.e., S. chayamaritae, S. wichaii and S. maeaiense, indicating that this area is very important as a 
Table 4
Results of PCA and Spearman's rank correlation analysis between stream variables and derived principal components (PCs) for all collections (n = 144).
Variables
Stream * P < 0.01. a Ranked variables: altitude 1-6, streambed particle sizes 1-6, riparian vegetation 1-3, canopy cover 1-3; Rankings followed McCreadie et al. (2006) . hot spot for conservation of biodiversity in Thailand. Interestingly, the larvae and pupae of S. nigrogilvum (man-biting) and S. chumpornense were not found in any of the sites during the study period, although adult females were collected by chance with a hand net, while using water buffalo bait. Regarding species composition associated with altitude, all three species of the subgenus Montisimulium (S. angkaense, S. merga and S. phahompokense) and five species of the subgenus Nevermannia (S. maeaiense, S. fruticosum, S. wichaii, S. chomthongense, and S. fangense) were found mostly at high altitudes, as previously reported (Takaoka and Choochote, 2005a,b, 2006; Takaoka and Srisuka, 2010a, 2010c; 2011; Takaoka et al., 2012) . Similarly, some species members of the subgenus Simulium also were found at high altitudes, such as S. setsukoae at both Site I (2100 m) and II (2000 m), and both S. chamlongi and S. doipuiense, at Site III (1500 m) and IV (1400 m), as previously reported by Takaoka and Suzuki (1984) and Takaoka and Choochote (2005d) . However, most species of the subgenus Simulium were found at low altitudes (S. bullatum, S. chiangmaiense, S. fenestratum, S. nakhonense, S. nodosum, S. quinquestriatum, and S. thailandicum), as previously reported (Takaoka, 1979; Takaoka and Choochote, 2005c; Takaoka and Suzuki, 1984) . Simulium yuphae differed from other species by showing a wide vertical distribution (700-2,100 m). This species was first collected at an altitude of 1300 m only in Doi Pui National Park (Takaoka and Choochote, 2005e) . However, its wide range of vertical distribution was shown also in Doi Inthanon National Park, from 650 m in streams at Queen Sirikit Botanic Garden to 2534 m near the summit of Doi Inthanon National Park (Srisuka, unpublished results). Regarding the subgenus Gomphostilbia, S. asakoae was found in all sites with predominance at low altitude. This species is common and has a wide range of distribution in many lowland areas of Thailand and its neighboring countries (Takaoka and Davies 1995; Srisuka et al., unpublished data) . Simulium chiangdaoense S. chayamaritae and S. inthanonense were found at altitudes ranging from 1400 m to 2100 m, as previously reported (Takaoka and Srisuka, 2010b, 2009; Takaoka and Suzuki, 1984; Takaoka et al., 2012) , while S. siamense was mostly found at altitudes ranging from 500 m to 700 m (Takaoka and Suzuki, 1984) .
In the seasonal diversity of black flies, the Shannon index and species richness were highest in the cold season in all sampling sites. However, Pramual and Wongpakam (2010) reported ten species from the northeastern region of Thailand at an elevation of between 203 and 268 m, and their richness was higher in the rainy season than in the dry and cold season. In the northeastern region, there is a large amount of running water only in the rainy season, which ceases to flow after a few months. In contrast, this study area ranged from low to high altitudes of between 500 m and 2100 m, and had various types of forests, such as mixed deciduous, pine, and moist evergreen forest, all of which have the water flowing throughout the year. A tremendous number of unstable fast running streams after heavy rain in high sloping areas are considered an important factor in disturbing the diversity during the rainy season. Diversity is lower in the rainy season than in the cold one, when the flow of water in most streams is relatively stable, as reported by Jani (2009) , who suggested that floods are major natural causes of disturbance in running waters, and constitute important determination of diversity, which is related negatively to the intensity of flow disturbance. Ishii et al. (2008) collected adult black flies attracted a humans at an altitude of 250 m in the northern region of Thailand, and reported that the population density of S. nodosum was relatively high in the hot season, with its peak in March, and very low in other seasons, whereas that of S. asakoae was high in the rainy season with two peaks; the first in June and second in September, and low in other seasons. The data of this study together with the above information suggest that the seasonal occurrence of certain black-fly species differs from one locality to another, even at the same altitude, depending on the availability of stable streams that support the breeding of larval black flies.
The average number of species per stream site in this study was 12.3, which is higher than that recorded in previous studies. Pramual and Kuvangkadilok (2009) and Pramual and Wongpakam (2010) , reported an average of 2.5 and 2.2 species per stream site, respectively, from the northeastern region of Thailand, and an average species number of 2.2-3.3 was reported from Brazil, in South America (Hamada et al., 2002; Landeiro et al., 2009; McCreadie et al., 2006) . This study showed that the three principal components had eigen values >1.0 and accounted for 93.5% of total variability of ecological factors among sampling sites. The warmer temperature, wider and deeper streams with high conductivity, TDS and salt, together with lower altitude, less riparian vegetation and canopy cover, play a major role (67.1%) in inter-site variance, of which some ecological factors were different from those previously reported from streams in the northeastern region of Thailand (Pramual and Kuvangkadilok, 2009; Pramual and Wongpakam 2010) . They indicated that core principles influencing species richness were larger, deeper, and faster streams with high discharge and lower pH, and conductivity, larger streambed particle sizes and more cover from riparian trees.
The variations in ecological factors between northern and northeastern parts of Thailand are due to their difference in biogeography. The northern part is characterized by high mountainous areas, with many types of forests and high average rainfall level that make-up many types of microhabitats (seasonal streams), which support breeding of black-fly larvae. Furthermore, the number of black-fly species collected in this study (29) was much higher than that (10) recorded in the study by Pramual and Wongpakam (2010) . Only three species (S. asakoae, S. nakhonense and S. siamense) coexisted in both areas. The number and variety of species shown in the study area, together with a high average number of species per site indicated that Doi Pha Hom Pok is one of the hotspots of black-fly biodiversity in Thailand.
In conclusion, this study provides information on simuliid species distribution in high mountainous areas. Species composition, diversity, richness, and seasonal fluctuation of black flies associated with ecological factors were investigated in six sampling sites at Doi Pha Hom Pok National Park, northern Thailand. The results demonstrated that the altitude, canopy cover, riparian vegetation and water velocity are the most important factors influencing species assemblage. The number of species found at the medium altitude (1400-1,500 m) was much higher than that at the low (500-700 m) and high ones (2000-2,100 m). Furthermore, high species richness was found in the cold rather than other seasons. The new information obtained from this study provides an insight that emphasizes on the importance of protecting and managing the natural environment of Doi Pha Hom Pok National Park, which is currently securing high biodiversity of various living organisms.
